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This invention relates to a mechanism for syn-
chronizing the speeds of a plurality of engines
-mounted upon a vehicle, such as an airplane, and
has particular reference to a mechanical mecha-

5 nism for maintaining the englnes.in a synchro-
nous condition. -

" An object of the invention resides in the provi-
sion of ‘a mechanical device or devices for main-
taining one or more of a plurality of engines in

10 synchronism with a master engine.

A further object resides in the provision of
means for subjecting all of the engines to manual
as well as automatic control.

A still further object resides in the provision in-

15 a synchronizing mechanism of the character de-
scribed of means for disconnecting the synchro-

nizer to avoid injury to the synchronizer or the -

speed controlling elements.in case the engines are
out of synchronism, by more than a’ predeter-
20 mined degree.

An additional object resides in the provision
_in 8 syrchronizing mechanism of the character
described of means for automatically returning
the synchronizing mechanism- to ifs neutral or
o5 centered position after it has been actuated by
- a difference in the speeds of the englnes to which

it is operatively connected.

Other objects and advantages will be more dis-
tinctly pointed out hereinafter or will become

a0 apparent as the description proceeds.

In the accompanying drawing, in which like
reference numerals.are used to designate similar
parts throughout, there is illustrated a suitable
mechanical embcdiment of what is now consid-

a5 ered to be the preferréd form of the idea of the
invention. The drawing, however, is for the
purpose of illustration only and is not to be
taken as limiting the invention,-the scope of

which is to be measured entirely by the scope.

40 of the appended claims.

.In the drawing, Fig. 1 is a schematic illustra-
tion showing the application of one unit of the
improved mechanical synchronizing mechanism
to two engines, the speeds - of which it is desired

45 to synchronize.
’ Fig. 2 is a longitudinal sectional view of the
mechanical synchronizing mechanism unit illus-
trated in Pig. 1.

Fig, 3. is a sectional view on' the llne -3
of Fig. 2.

Fig. ¢ is a fragmentary sectional view similar
to ¥Fig. 2 but showing the clutch mechanism
somewhat rotated so as to section one of the
" c¢lutch springs. :

Referring to the drawing in detail and particu-
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(C1. 60—97)

‘larly to Fig. 1, the letter A designates one engine,
.the letter B the other engine, and the letter C
generally designates a mechanical synchronizing
unit interposed between the two engines. The
engine A is provided with s speed regulating &
governor 10 which may act to control the speed

of the engine A by controlling the pitch of a con-.-
trollable pitch propeller in a manner well-known

to the art. ‘The speed of the engine B is similarly
regulated by a governor indicated at §2. The 10
governor 12 is subjected to manual control by
means of & manually actuatable control element
14, and the governor 10 is similarly controlled by

a manual control device 8. Each of the manual
control devices includes a manually operable 15
lever |8 connected to a pulley 20 over which
passes 6 cable which also passes over a pulley as
indicated at 22 in case of the governor 8, and

24 in the case of the governor |2, operatively con~-
nected with the governors to adjust the same. gp
The cable used to adjust the governor 10 is indi-
cated at 26, and the cable used to adjust the
_governor 12 is indicated at 28.

“The mechanical synchronizing unit C. is a form

of differential mechanism and has its opposite of
-ends operatively connected to the engines A and

B by means of suitable shafts 38 and 32, which

in the case of actual installations may be fiexible
tachometer shafts or other suitable power trans- -
mitiing elements. The two shafts 30 and 32.are g9
connected to the engines to rotate in opposite di-
rections at the same speed when the engines are

in synchronism,

Referring to Fig. 2, the synchronizing unit C

is shown to comprise a differential mechanism g5
mounted in a suitable casing 34. This casing &
generally cylindrical or cup-shaped in form and

is permanently closed at one end, the other end
being closed by a removable cover member 36
screw threaded into the open end of the casing. 40

' The casing Is provided with a suitable base 38

by means of which it may be attached to some
portion of the vehicle, such as an airplane, upon
which the engines to be synchronized are mount~-

- ed. 'The closed end of the ¢asing is provided cen-. 45 -

trally thereof with an annular boss 40 which re-
ceives and retains a sleeve-like bearing member
or bushing 42, the cover 3§ being provided with
a similar boss M which retains a similar bearing
‘member or bushing 46, the bushing being clamped 50
in the bosses by suitable means, such as the aplit
clamps 48, screw threaded upon the externally
projecting portions of the boases. A gear shaft §8
.is rotatably mounted in the bearing 42, and a
similar gear shaft $2 is rotatably mounted in the 5g
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bearing 46. Each gear shaft is provided in- its
outer end with a non-circular bore or well 54

- which receives a driving connection from the re-

spdetive shaft 30 or 32. A beveled gear 56 is

formed integrally with the shaft 58 and is posi- .

tioned within the casing 34 adjacent to the center
thereof. A similar beveled gear 58 is formed
integrally with the shaft 52 and faces the gear 56
on the interior of the casing.- A ring member,
generally indicated at 68, is rotatably mounted
upon the inwardly projecting end of the bearing
member 46 by means of a bearing sleeve portion
62. .This ring member has an annular portion
64 connected to the bearing sleeve by an annular
end portlon 66 and contains within the annular

" poriion a cage member 68, particulariy illustrated

in Fig. 3. In the form of the invention illus-

trated, the cage or spider member 68 is roughly -
triangular in shape and carries three radial”

pinion gears 10 rotatably mounted therein by
means of suitable bearings, as indicated at 72.

. The three pinions 70 mesh with the two beveled

25
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gears 56 and 58, as clearly illustrated in Fig. 2.
From-the construction so far described, it will be .

observed that as long as the two gears 56 and

58 rotate in opposite directions at equal speeds,
" the pinions 10 will rotate between the two beveled

gears, but there will be no movement of the cage
68, but if the speed of one-of the gears 56 or 58
varies with respect to the speed of the other
gear, the cage '68 will be caused to creep or rotate

. about the axis of the béveled gears."

- An annular clutch member 14 is interposed be-
tween the exterior of the cage member 68 and
the interior of the annular portion 64 of the ring
member 60, and has at one end an inwardly
directed radial flange portion’ 76 which faces a
similar inwardly directed flange portion 18 of an
annular member 80 screw threaded into the open
end of the annular portion 64 of the member 68 -

and fetained in adjusted position therein by suit-
-ableé means, such as the.snap ring 82. An:an--

nular disc of friction matérial 84 is interposed-
between the adjacent surfdces of the flanges 18

_tween the members T4 and 80. whlch are urged:

50

65

" toward each other ina manner  well known ‘In

the clutch art-as by suitable compression springs -

. 85. The cage 68 is free to rotate within the an-

nular portion 64 of the membeér 88 except for the
driving connection effected by the frictional con-
tact between the members T4 and 88. By reason

‘of this frictional connection, if the rotation of
“the members 68 with respect to the member 68

becomes excessive, the clutch will slip before the

- - synchronizing mechanism’ ‘or the speed control

.~ elements or the driving shafts are injured. -

" 60-

’ In order to provide fiirther for safe operation of
the device, a plurality of oentrifugal members 8§
are pivotally connected to the cage 68, as in-

. dicated at.88 in Fig.2. Each of these centrifugal

-85

members is proyided adjacent to the pivot 88

- with & tongue or. detent -88 which projects into

an aperture prgvided in the member T4. ‘With

this construction, if the difference in the speeds
-of ‘the two- goars 56 and 58 results.in a rotation

of the member 68, at-a rate above a predeter-

‘mined ra.te for .example: twenty revolutions per

minite, centni‘ugal force acting upon.the mem-

_bers 86 will cause them to swing outwardly and

- move thé member 14 to the left as viewed in Fig.

.2 ‘away from contact with the surface of . the h

. friction material 84, thus freeing the cage meém-
".. ber 68 for rotation relative to the- member 6.

75

It will also be‘noted from an inspection of Fig. 2 ..
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that the detents 90 provide the drlvlng connec-

tions between the cage member 68 and the clutch

member T4.

Upon the exterior of the annular portion 64 -

of the member 68, there is provided a worm wheel
82 which engages with the teeth of a gear 94
mountfed upon a shaft 96 which extends trans-

.versely through the upper portion of the casing
34 and is received in an upward extension 98 of

the casing. The shaft is journaled in.the ex-
tension 88 by means of suitable bushings (08 and
02 particularly illusirated in Fig. 3. From the
ahove description it will be observed that any
rotation of the member 68 incident to a difference

_In the speeds of the gears 56 and 58 by rotating

the worm 82 will cause a rotation of the gear 94

‘and the shaft 86. At its opposite ends the shaft

86 is provided with eccentric journals, as indi-
‘cated at ‘184 and 108, and upon these journals

: cable pulleys {08 and 110 are rotatably mounted.

Referring now to Fig. 3, it will be observed that

- the cable 26 from the manual control 6 to the

governor 10 is carried over the pulleys 108 and
10, the cable 28 from the manual control 14
being led directly to the pulley 24 ¢f the governor

~12.° This arrangement makes the engine B the

master -engine, the speed of which is manually
regulated by the manual control  {4. The

" governor 10 of the engine A is manually adjusted’

until its speed is approximately the same.as the.
speed of the engine B. After this manual ad--

 justment, minor . adjustments to maintain the

engine A exactly in synchronism with the engine
B are effected automatically by the synchromzing
unit-C, since if the speed of the engine A varies
with respect to that of the.engine B, the shaft-

movement will result-in pulling up on one side
of -the cable 26 and loosening the-other side with
a consequent minor’ adjustment of the pulley 22
of the governor A.

A pair of oppositely wound clock springs 162

- and 14 are disposed: within the casing: 34 and
and T8 to provide a- fnction clutch connection be- -

‘connected at their outer ends to the casing by
suitable means such as the pin: {16, and at their
inner ends to the member 60 by suifable means
such as the pin 118. The force of these two

"springs’ ‘being .exerted in - opposite directions,

‘whenever the meémber 68 is rotated to adjust the
speed of the engine A with respect to that of the
engine'B and the condition tending to rotate the.
member €8 is subsequently corrected, the springs
112 and ({4 will assist in returning the member

66 to its central or-neutral position and-will tend. ;

to maintain the member in that- pos(tlon against

"~ the action of minor accidental. forces: -

10
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86 of the synchronizing unit' will be rotated to -
-move the eccentric journals 184 and 186, which

40

i}

‘While there has been illustrated and described -

" particular’ mechanical embodiment of what is
" now considered to be the preferred form of the

invention, it is to be understood that the inven-
tion' is not limited to the partieular mechanical
embodiment so illustrated and deseribed, but that
such’ changes in the size, shape, and- arrange-.
ment of pa.rts may be resorted to as come withln_

_,’the scope of the appended claims.

Having now described the’ invention sc. that-
others skilled in the art:may clea.rly ‘understand

" ‘the same, what it is desired to secure by Letters
'Patent is as follows:~ — .

Whatisclﬂmedis.. coe i

GO

1. A synchmmng‘déme for matching the-

‘speeds of jointly operating engines provided with
speed controlling mechanisms comprising, a .

diﬂerenﬂalmech’anlsm having one side driven by 7.;
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one engine in one direction, and the other side
driven by the other engine in the opposite direc-
tion, an iIntermediate portion driven by sald
differentlal sides when the speed of one engine

& differs from the speed of the other, means oOp-
eratively connecting said intermediate portion
with the speed controlling mechanism of at least
one of said engines, and means for releasing the
drive to said intermediate portion when the

10 speeds of said engines differ by more than the
predetermined amount. ‘

2. In s mechanism for synchronizing the speed
of a controlled motor with that of a master
motor, a speed controlling device on'said con-

18 trolled motor, a differential mechanism driven by
‘gaid motors and acting to displace an element op-

" eratively connected with said speed controlling

device whenever the speeds of said motors differ,
and means for releasing said speed controlling

20 device from the displacing force of said differ-
entfal mechanism whenever the speeds of said
motors differ by more' than a predetermined
amount.

3. In a mechanism for synchronizing the speed

25 of a plurality of controlled motors with that of
a master motor, a speed controlling device on
each of said controlled motors, a -differential
mechanism between each of said controlled mo-
tors and sald master motor, a displaceable ele-

30 ment operatively associated with each of sald
differential mechanisms and operatively con-
nected with the speed controlling device of the
respective controlled motor, said displaceable ele-
ments being moved to operate the respective

85 speed control devices wheénever the speed of the
respective controlled motors differ from the speed
-of the master motor, and means for releasing
each of sald displaceable devices from the dis-
placing force exerted by the respective differen-

"40 tial mechanism when the speed of the respective

controlled motor differs from the speed of the

master motor by more than a predetermined
amount. )
4, In a mechanism for synchronizing the speed
45 of a controlled engine with that of & master en-
gine, a speed controlling device on said controlled
engine, a differential mechanism disposed be-
tween said engines having one gear driven in one
direction by sald master engine, and another
gear driven in the opposite direction by said con-
trolled engine, pinion gears between said engine
driven gears, a cage supporting said pinion gears
and movable therewith upon s variation in the
-speed of said controlled engine with respect to
55 the speed of the master engine, a ring member
surrounding said cage and operatively associated
with the speed controlling mechanism on said
controlled engine, & friction drive between said
cage and said ring, and centrifugally actuated
60 means for releasing said friction drive whenever
the speed of sald controlled engine varies from
the speed of sald master engine by more than a
predetermined amount. .
5. In a mechanism for synchronizing the speed
@5 of a controlled engine with that of a master en-
gine, a speed controlling device on said controlled
engine, a differential mechanism disposed be-
tween said engines having one gear driven in one
direction by said master engine and another gear
70 driven in the opposite direction by sald con-
trolled engine, pinion gears between-said engine
driven gears, a cage supporting said pinion gears
and ‘movable therewith upon a variation in the
speed of said controlled engine with respect to the

75 speed of the master engine, a ring member sur-

rounding sald cage and operatively associated
with the speed controlling mechanism on said
controlled engine, a friction drive between said
cage and said ring, centrifugally actuated means

for releasing said friction drive whenever the 3
speed of said controlled engine varies from the
speed of said master engine by more than & pre-
determined amount, and means for automatically
returning said ring to its central or neutral po-
sition after it has been displaced from such posi- 10
tion by variation in the speed of the controlled
engine with respect to the speed of the master
engine. .

6. In a mechanism for synchronizing the speed
of a controlled engine with the speed of a master 15
engine, a centrifugally actuated governor on each
engine, a differential mechanism disposed be-
tween said engines and having its opposite sides -
driven by said engines, and a displaceable mem-
ber operatively connected with the governor of 20
said controlled engine and associated with sald. -
differential mechanism to be displaced by sald
differential mechanism upon a variation In the
speed of the controlled engine with respect to the )
speed of the master engine. ’ ' 25

7. In a mechanism for synchronizing the speed
of a controlled engine with that of a master en-
gine, a centrifugally actuated governor upon
each engine, a manual control for each governor,

a differential mechanism disposed between sald 30
engines and driven thereby, and means associated
with said differential mechanism and actuated -
thereby upon & variation in the speed of the
controlled engine with respect to the speed of the
master engine interposed in the manual control 35
to said controlled engine to vary the action of
the controlled engine governor upon a variation

in the speed of the controlled engine with respect -
to the speed of the master engine.

- 8. In a mechanism for synchronizing the speed 40
of a controlled engine with that of a master en-
gine, a governor for each engine, 2 manual con-
trol for each governor, a cable connecting each
manual control with the respective governor, a
differential mechanism interposed between said 43
engines and driven thereby, and means applied to
the cable connecting the governor of said con-
trolled engine with the respective manual control
and actuated by said differential mechanism
upon a variation in the speed of said controlled 5¢
engine with respect to the speed of said master
engine to vary the action of the governor of said
controlled engine without varying the manual
control for said controlled engine.

9. In 2 mechanism for synchronizing the speed 55
of a controlled engine with that of a master en-
gine, a speed controlling governor for each en-
gine, a pulley on each governor for changing
the action of the governor and varying the speed
of the engine, 8 manual control for each governor, 60
a cable connecting each manual control with the
‘pulley of the respective governor whereby both
of said governors may be manually controlled to
vary the engine speed, and means applied to the
cable connecting the governor of the controlled 65
engine with the respective manual control and
actuated by variations in the speed of sald con-
trolled engine with respect to the speed of said
master engine to change the tension in the op-
posite sides-of said cable and thereby provide .70
minor adjustments to the governor of sald con-
trolled engine to maintain the speed of said con- .
trolled engine.in synchronism with the speed of
sald master engine. . .

10. In a mechanism for synchroniging the speed 75
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of a controlled engine with that of a master en-
gine, a speed controlling governor for each engine,
a puley on each governor for changing the action
of the governor and varying the speed of the
engine, a manual control for each governor, a
cable connecting each manual control ‘with the
pulley of the respective governor whereby both of

said governors may be manually controlled to-

vary the engine speed, and means applied to the
cable connecting the governor of the controlled
engine with the respective manual control, and
actuated by variations in the speed of said con-

trolled engine with respect to the speed of said

2,105,080

master engine to change the tension in the oppo-
site sides of ‘said cable, and thereby provide
minor adjustments to the governor of said con-
trolled engine to maintain the speed of said con- -
trolled engine in synchronism with the speed of
said master engine, said means comprising a
shaft driven by a differential mechanism driv-

.ingly connected with said engines and having ec-

centrically mounted pulleys upon the opposite

ends thereof, the opposite sides of the cable 10

being led over said pulleys. .
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master engine to change the tension in the oppo-
site sides of ‘said cable, and thereby provide
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